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Summary
Objective:  To  compare  the  outcomes  of  minimally  invasive  percutaneous  short-segment  pedicle
instrumentation  (SSPI)  with  that  of  trans-spatium  intermuscular  SSPI  on  thoracolumbar  mono-
segmental  vertebral  fracture  without  neurological  compromise.
Methods:  A  total  of  39  patients  with  thoracolumbar  mono-segmental  vertebral  fracture  without
neurological  deﬁcit  receiving  treatment  between  January  2009  and  July  2011  were  enrolled.
Percutaneous  SSPI  was  performed  for  18  patients  (the  percutaneous  group),  and  trans-spatium
intermuscular  SSPI  was  performed  for  21  patients  (the  trans-spatium  intermuscular  group).
Peroperative  indices,  intraoperative  radiation  exposure  time,  postoperative  and  follow-up  lum-
bodorsal  pain,  function  scores,  and  radiological  data  were  compared.
Results:  The  percutaneous  group  had  signiﬁcantly  less  intraoperative  blood  loss  and  less  severe
postoperative  pains,  but  suffered  signiﬁcantly  longer  ﬂuoroscopy  time  and  higher  hospitaliza-
tion costs  compared  with  the  trans-spatium  intermuscular  group.  No  signiﬁcant  difference  was
observed in  operating  time.  All  patients  were  followed  up  for  17.3  ±  9.2  months  (ranging  from
5 to  35  months).  No  signiﬁcant  differences  were  observed  between  the  two  groups  in  terms  of
postoperative  relative  vertebral  height  (RVH)  and  regional  kyphotic  angle  (RKA),  as  well  as  last
follow-up  RVH,  RKA,  lumbodorsal  pain,  and  Oswestry  disability  index.
Conclusion:  Percutaneous  SSPI  has  the  virtues  of  less  intraoperative  blood  loss  and  less
severe pains  in  the  treatment  of  thoracolumbar  mono-segmental  vertebral  fracture  without
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neurological  deﬁcit.  When  compared  with  trans-spatium  intermuscular  SSPI,  it  results  in  longer
intraoperative  radiation  exposure  time  and  a  higher  surgery  cost.  To  us,  percutaneous  SSPI  has
no advantage  over  trans-spatium  intermuscular  SSPI  in  therapeutic  outcomes.
Level  of  evidence:  Level  IV.  Retrospective  study.
© 2013  Elsevier  Masson  SAS.  All  rights  reserved.
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Percutaneous  or  trans-muscular  spatium  SSPI  was  decided
according  to  factors  such  as  patients’  willingness,  their  abil-ntroduction
horacolumbar  spinal  fractures  are  a  very  common  type  of
pinal  injuries.  Posterior  short-segment  pedicle  instrumen-
ation  (SSPI)  is  one  of  the  most  widely  adopted  surgical
rocedures  for  such  a  condition  nowadays,  and  its  curative
ffect  has  been  acknowledged  in  clinical  practice  for  years.
owever,  traditional  SSPI  requires  the  dissection  of  the  par-
vertebral  muscle  and  fascia  tissues  attached  to  the  spinous
rocess,  vertebral  lamina,  and  zygapophysis.  This  require-
ent  consequently  leads  to  an  iatrogenic  damage  to  the
idspinal  line  and  thus  becomes  one  of  the  important  fac-
ors  causing  spinal  unstability  and  pains.  In  addition,  screw
lacement  in  the  traditional  SSPI  results  in  an  incidence  of
pistatic  zygapophysial  joint  injury  as  high  as  24%  [1],  which
ecomes  an  important  factor  causing  adjacent  segmental
egeneration.
Therefore,  minimizing  the  invasiveness  of  surgical  proce-
ures  to  reduce  the  occurrence  of  iatrogenic  sequelae  has
ong  been  an  expectation  of  patients  with  thoracolumbar
ractures  as  well  as  a  goal  that  spinal  surgeons  are  striving
or.  With  the  development  of  technique  and  surgical  instru-
ents,  both  percutaneous  and  trans-muscular  spatium  SSPI
ave  been  applied  in  the  treatment  of  thoracolumbar  mono-
egmental  vertebral  fracture  nowadays.  The  trans-muscular
patium  approach  was  ﬁrst  proposed  by  Wiltse  LL  et  al.
n  1968  [2].  After  years’  evolution,  the  originally  designed
ilateral  incisions  (3  cm  long)  along  the  median  line  have
een  replaced  by  a  single  incision  [3].  Although  reaching
he  screw  entry  point  of  the  zygapophysial  pedicle  directly
hrough  the  spatium  between  the  musculi  longissimus  and
he  multiﬁdus  still  belongs  to  a  type  of  open  approach,
he  trans-muscular  spatium  approach  causes  much  less
amages  to  the  paravertebral  muscles  compared  with  the
raditional  one  [4];  therefore,  this  approach  protects  the
ntegrity  of  the  paravertebral  muscles  sufﬁciently  and  avoids
 damage  to  the  zygapophysial  joint,  thereby  reﬂecting  the
oncept  of  ‘‘minimal  invasiveness’’.  In  contrast,  the  percu-
aneous  approach  makes  a  further  step:  it  minimizes  incision
ength,  only  causes  small  damages  to  the  paravertebral
uscles  and  reduces  intraoperative  blood  loss.  Further-
ore,  screw  placement  in  this  procedure  is  monitored
uoroscopically,  which  thereby  increases  the  accuracy  of
crew  placement.  These  features  endow  the  percutaneous
pproach  with  a  real  sense  of  ‘‘minimal  invasiveness’’.
owadays,  the  percutaneous  approach  has  been  more  and
ore  widely  applied  in  the  treatment  of  thoracolum-
ar  fractures  [5—7].  Its  combination  with  transforaminal
umbar  interbody  fusion  (ILIF)  has  also  been  applied  in
he  treatment  of  lumbar  vertebral  degenerative  diseases
8,9].
Clinical  practice  has  shown  that  although  percuta-
eous  SSPI  has  a  similar  curative  effect  on  thoracolumbar
i
r
Sractures  compared  with  the  traditional  procedure,  it  does
ave  advantages  in  operating  time,  intraoperative  blood
oss,  and  postoperative  recovery  time  [10—12].  Neverthe-
ess,  for  most  cases  of  thoracolumbar  fractures  without
eurological  defects,  trans-muscular  spatium  SSPI  can  also
e  adopted,  and  this  approach  can  greatly  reduce  intraoper-
tive  blood  loss  and  lessen  the  damages  to  the  paravertebral
uscles  as  well.  To  the  best  of  our  knowledge,  no  report
n  whether  percutaneous  SSPI  is  more  advantageous  than
ntermuscular  spatium  SSPI  in  the  treatment  of  such  type  of
ractures  exists  in  literature.
Therefore,  we  conducted  the  current  study  to  com-
are  the  curative  effects  of  percutaneous  and  intermuscular
patium  SSPI  on  thoracolumbar  mono-segmental  vertebral
ractures  without  neurological  defects.
ubjects and methods
ubjects
he  selection  criteria  included:
 thoracolumbar  (T11-L2)  mono-segmental  vertebral  frac-
ture  which  was  typed  A,  B1.2,  or  B2.3  according  to  AO
typing;
 treatment  time  between  January  2009  and  July  2011;
 and  SSPI.
Patients  met  any  of  the  following  criteria  were  excluded:
 non-passable  burst  bone  fragments  posterior  to  the
injured  vertebra,  or  dislocated  vertebral  fracture;
 thoracolumbar  fracture  accompanied  with  neurological
defects  or  serious  injuries  of  other  spinous  segments;
 thoracolumbar  fracture  accompanied  with  injuries  of
other  associated  sites  which  might  cause  severe  disability
or  death;
 thoracolumbar  fracture  which  had  to  be  treated  with
vertebral  screw  placement,  anterior  surgery,  or  vertebro-
plasty;
 simultaneous  surgery  for  injuries  or  degenerative  diseases
of  other  spinal  segments;
 and  thoracolumbar  fracture  accompanied  by  serious
medical  diseases,  which  might  greatly  affect  the  out-
comes  of  the  current  study.ty  to  shoulder  economically,  and  so  on.
This  study  was  conducted  in  accordance  with  the  decla-
ation  of  Helsinki  and  approved  by  the  Ethics  Committee  of
hanghai  Jiao  Tong  University.
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Table  1  Clinical  data  of  the  patients.
Total  Percutaneous  Trans-muscular  spatium  P
Cases  39  18  21
Sex (M:F)  25:14  13:5  12:9  0.341*
Age  (yo)  36.3  ±  9.2  37.6  ±  11.0  35.1  ±  7.4  0.421**
Causes  0.372*
Fall  wound  15  7  8
Trafﬁc accident  injury  9  6  3
Weight crushing  4  2  2
Others or  unknown  reasons 11  3  8
AO typing 0.576*
A1  9  3  6
A3 20  11  9
B1.2 4  1  3
B2.3 6  3  3
Fractured segment 0.089*
T11  3  3  0
T12 9  2  7
L1 15  6  9
L2 12  7  5
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** Is based on one-way ANOVA.
A  total  of  39  patients  with  thoracolumbar  mono-
segmental  fracture  without  neurological  defects  were  ﬁnally
enrolled.  They  were  divided  into  two  groups  according  to
different  surgical  approaches:  the  percutaneous  (n  =  18)  and
trans-muscular  spatium  (n  =  21)  groups.  Written  informed
consents  were  obtained  from  all  participants.  Radiological
and  surgical  data  were  analyzed  jointly  by  two  spinal  sur-
geons.  All  patients  complained  of  thoracolumbar  pains  with
movement  disorders.  Body  examinations  showed  pressing
or  percussion  pain  of  the  injured  segment  in  37  patients
(94.8%),  lower  lumbar  paravertebral  pain  in  23  (59.0%),
interspinous  emptiness  and  spinous  process  bone  friction
feeling  in  seven  (17.9%),  and  subcutaneous  ecchymosis  in
four  (10.3%).  Their  nerve  functions  were  graded  E  according
to  Frankel’s  grading.  Additionally,  15  patients  were  observed
accompanied  with  non-spinal  associated  injuries,  including
scalp  hematoma  in  three  patients,  thoracic  cage  bone  frac-
tures  accompanied  by  slight  pulmonary  contusion  in  four,
and  limb  fractures  in  12.  The  clinical  data  are  summarized
in  Table  1.
Surgical  procedures
Both  procedures  were  performed  by  the  same  group  of  sur-
geons,  and  the  operations  of  screw  placement  and  reposition
were  monitored  using  a  C  arm  X-ray  machine.  The  Sextant
(Medtronic,  USA)  or  Viper  (Depuy,  USA)  system  was  utilized
for  the  percutaneous  group,  and  the  CD  Horizon  Legacy
(Medtronic,  USA),  Moss  Miami  SI  (Depuy,  USA),  or  SINO
(WEGO,  China)  system  was  utilized  for  the  other  group.  The
patient  was  anesthetized  generally  and  positioned  pronely
with  the  abdomen  suspended.  In  vitro  repositioning  was  per-
formed  by  appropriately  pressing  the  thoracolumbar  convex
vertex  ventral  ward.
g
b
A
ﬁhe  percutaneous  group  (the  Sextant  system  as  the
xample)
he  zygapophysial  joints  of  the  injured  and  adjacent  seg-
ents  were  localized  ﬂuoroscopically.  An  incision  about  1  cm
ong  and  1—1.5  cm  lateral  to  the  affected  zygapophysial
oint  was  made  (the  incision  length  took  allowing  the  sur-
eon’s  foreﬁnger  in  as  the  upper  limit).  The  paravertebral
uscles  were  dissected  bluntly  until  to  the  zygapophysial
oint.  The  pointed  end  of  an  opening  device  was  placed  at
he  upper  verge  of  the  pedicle  under  ﬂuoroscopic  monitor-
ng.  The  device  was  screwed  into  the  pedicle  and  a  guide  pin
as  afterwards  left.  The  opening  device  was  withdrawn,  the
uide  pin  was  tapped,  and  then  pedicle  screws  were  bilater-
lly  inserted  into  the  vertebrae  adjacent  to  the  injured  one.
 connective  bar  with  an  appropriate  length  was  measured
nd  mounted  onto  a  locator.  Another  small  caudal  incision
nferior  to  the  original  one  was  made  for  bar  inserting.  The
ar  was  mounted,  the  screws  were  fastened  and  the  locator
as  then  withdrawn.  The  fascia  and  skin  were  sutured.
he  trans-muscular  spatium  group  (the  CD  Horizon
egacy  system  as  the  example)
he  injured  segment  was  treated  as  the  centre  and  a  median
ncision  was  made.  The  skin  and  subcutaneous  tissues  were
ut  open  successively  to  expose  the  lumbodorsal  fascia.  The
ascia  was  cut  open  1.5  cm  bilateral  to  the  supraspinous
igament  and  the  inner  margin  of  the  sarolemma  of  the
usculi  longissimus  was  sought  at  the  medial  cutting  mar-
in.  The  spatium  between  the  musculi  longissimus  and  the
ultiﬁdus  was  dissected  bluntly  until  to  the  exterior  mar-
in  of  the  zygapophysial  joint.  Pedicle  screws  were  inserted
ilaterally  into  the  vertebrae  adjacent  to  the  injured  one.
 pre-bent  connective  bar  with  an  appropriate  length  was
xed.  Appropriate  distraction  was  done  according  to  the
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tate  of  reposition,  and  the  screws  were  then  fastened.  The
ncisions  were  washed  with  physiological  saline.  The  lum-
odorsal  fascia,  subcutaneous  tissues,  and  skin  were  sutured
uccessively.
All  patients  received  patient  control  analgesia  or
ntalgesic  treatment  for  48  h  after  operation,  and  then
adiographs  in  AP  and  lateral  position  were  taken.  Stitches
ere  removed  at  10  to  12  days  after  the  operation.  Func-
ional  training  was  instructed  by  rehabilitation  physicians
uring  their  hospital  stay.
valuations
he  immobilization  methods,  devices,  surgery  receiving
ime,  intraoperative  blood  loss,  and  ﬂuoroscopy  time  were
ecorded.  Each  patient’s  total  cost,  including  hospitalization
nd  implants,  was  also  recorded  and  compared.  The  patients
ere  asked  for  follow-up  checks  at  1.5,  3,  6,  and  12  months
fter  discharge  from  the  hospital,  and  then  they  received
 follow-up  check  every  year.  Their  functional  recovery
as  evaluated  and  instructions  in  rehabilitation  training
ere  then  given.  A  radiograph  was  taken  at  each  follow-up
heck  to  evaluate  fracture  reduction,  healing,  and  segment
usion.  A  visual  analogue  scale  (VAS)  was  assigned  to  eval-
ate  lumbodorsal  pain.  The  Oswestry  disability  index  (ODI)
as  used  to  evaluate  postoperative  function.  Preoperative,
ostoperative,  and  follow-up  relative  vertebral  heights  were
n
i
d
Table  2  Surgery  and  follow-up  data.
Total  Pe
Preoperative  RVH  (%)  58.4  ±  14.0  60
Preoperative  RKA  (◦)  20.2  ±  5.6  18
LSC (points)  5.62  ±  1.44  5.
Operating time  (min)  50.3  ±  9.4  51
Fluoroscopy  time  (min)  2.38  ±  1.77  3.
Intraoperative  blood  loss  (ml)  23.3  ±  7.9  18
Postoperative  VAS  2.54  ±  1.02  2.
Postoperative  RVH  (%)  93.5  ±  9.3  92
RVH correction  rate  (%)  85.1  ±  20.0  81
Postoperative  RKA  (◦)  2.4  ±  5.2  0
RKA correction  (◦) 17.8  ±  6.1  15
Hospitalization  costs  (10,000  yuan)  4.78  ±  0.89  5.
Follow-up  (months) 17.3  ±  9.2  15
Last follow-up  RVH  (%)  90.2  ±  8.1  89
Last follow-up  RKA  (◦) 4.9  ±  5.6  3
RKA loss  (◦)  2.5  ±  1.8  3
Last follow-up  VAS 0.38  ±  0.54  0.
Last follow-up  ODI  3.04  ±  3.96  2.
RVH: relative vertebral height; RKA: regional kyphotic angle; LSC: load
disability index.
* P < 0.01 based on one-way ANOVA.S.H.  Dong  et  al.
easured  based  on  pre-  and  postoperative  radiographs,  and
egional  kyphotic  angles  (RKA)  were  measured  using  the
obb  method.  A  vertebral  reduction  rate  was  calculated  [13]
nd  load-sharing  classiﬁcation  was  determined  [14].
tatistical  analysis
ll  measurement  data  were  presented  as  mean  ±  standard
rror,  and  enumeration  data  as  quantity.  One-way  anal-
sis  of  variance  (ANOVA)  was  performed  to  compare  the
easurement  data  between  groups,  and  Pearson  Chi2 tests
ere  performed  to  compare  the  enumeration  data  between
roups.  The  data  were  analyzed  using  the  SPSS19.0  soft-
are.  P  <  0.05  was  considered  statistically  signiﬁcant.
esults
he  average  surgery  receiving  time  of  all  patients  was
.77  ±  0.87  days  (ranging  from  1  to  4  days)  after  injury.  The
wo  groups  did  not  show  any  signiﬁcant  difference  in  RVH,
KA,  and  LSC  before  treatment.
A  total  of  156  screws  were  used  for  the  patients,  and
o  serious  complication  or  disc,  cerebrospinal  ﬂuid,  peri-
mplants  or  superﬁcial  soft  tissue  infection  occurred  to  them
uring  perioperative  period.
rcutaneous  Trans-muscular  spatium  P
.6  ±  15.2  56.5  ±  13.0  0.371
.6  ±  4.9  21.6  ±  6.0  0.090
78  ±  1.31  5.48  ±  1.57  0.523
.7  ±  11.2  49.1  ±  7.5  0.392
77  ±  1.77  1.20  ±  0.28  0.000*
.3  ±  4.9  27.6  ±  7.5  0.000*
00  ±  0.77  3.00  ±  1.00  0.001*
.7  ±  9.3  94.1  ±  9.5  0.648
.6  ±  20.0  88.1  ±  19.9  0.314
.8  ±  4.9  3.8  ±  5.3  0.075
.5  ±  6.0  21.2  ±  5.2  0.971
31  ±  0.47  4.32  ±  0.93  0.000*
.2  ±  7.1  19.0  ±  10.5  0.206
.6  ±  8.0  90.8  ±  8.4  0.668
.8  ±  4.9  5.9  ±  6.1  0.235
.9  ±  1.7  1.5  ±  0.7  0.155
33  ±  0.49  0.43  ±  0.60  0.592
70  ±  3.74  3.32  ±  4.21  0.633
-sharing classiﬁcation; VAS: visual analogue scale; ODI: Oswestry
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oPercutaneous  and  trans-spatium  intermuscular  instrumentat
The  intraoperative  blood  loss  of  the  percutaneous  group
was  noticeably  less  than  that  of  the  trans-muscular  spatium
group,  but  it  suffered  signiﬁcantly  longer  ﬂuoroscopy  time  as
well  as  higher  hospitalization  costs.  No  signiﬁcant  difference
in  operating  time  was  observed  between  the  two  groups.
Although  the  percutaneous  group  had  less  severe  pains
at  48  h  after  operation  compared  with  the  trans-muscular
spatium  group,  radiographs  did  not  show  signiﬁcant  differ-
ences  between  the  groups  in  RVH  and  RKA.
All  patients  were  followed  up,  and  the  average  follow-up
time  was  17.3  ±  9.2  months  (ranging  from  5  to  35  months).
No  internal  ﬁxation  failure  happened.  The  two  groups  did  not
show  signiﬁcant  differences  in  RVH,  RKA,  and  LSC  according
to  the  last  follow-ups.  In  both  groups,  lumbodorsal  pains
improved  and  good  ODI  scores  were  achieved,  which  did  not
show  signiﬁcant  differences.  The  operation  and  follow-up
associated  data  are  summarized  in  Table  2.
Discussion
Both  percutaneous  SSPI  and  trans-muscular  spatium  SSPI
aim  to  minimize  iatrogenic  damages  to  the  paravertebral
muscles,  improve  surgical  curative  effect  and  reduce  the
risk  of  long-term  complications  by  modifying  the  traditional
approach.  Percutaneous  pedicle  screw  ﬁxation  is  a  mini-
mally  invasive  surgical  technique  in  a  real  sense,  which
provides  a  good  option  for  the  treatment  of  thoracolum-
bar  spinal  fractures.  Most  scholars  hold  that  percutaneous
SSPI  can  reduce  the  occurrence  of  the  complications  caused
by  screw  placement  and  thus  is  a  safe  procedure  [15,16].
In  contrast,  trans-muscular  spatium  SSPI  requires  an  inci-
sion  similar  to  that  in  the  traditional  SSPI.  However,  this
procedure  allows  a  direct  approach  to  the  exterior  mar-
gin  of  the  zygapophysial  joint  through  the  spatium  between
the  multiﬁdus  and  the  musculi  longissimus,  which  makes
the  pedicle  screw  entry  point  directly  exposed  without  dis-
secting  the  attachment  points  of  the  paravertebral  muscles.
Thus,  it  avoids  iatrogenic  damages  to  the  paravertebral  mus-
cles,  joint  capsules,  as  well  as  interspinous  and  supraspinous
ligament  complexes,  thereby  demonstrating  the  concept  of
minimal  invasiveness  as  well.  In  addition,  this  approach  com-
bined  with  TLIF  can  also  be  applied  in  the  treatment  of
lumbar  vertebral  degenerative  diseases  [17].  As  the  expo-
sure  of  the  vertebral  lamina  and  zygopophysis  is  unnecessary
in  the  treatment  of  thoracolumbar  mono-segmental  verte-
bral  fracture  without  neurological  defects,  both  procedures
can  be  applied  for  patients  with  such  a  condition.  Based
on  the  aforementioned,  the  present  study  compared  the
curative  effects  of  the  two  procedures  on  thoracolum-
bar  mono-segmental  vertebral  fracture  without  neurological
defects.  In  doing  this,  the  intraoperative  blood  loss,  radia-
tion  exposure,  and  hospitalization  expenditures  of  patients
treated  with  the  two  different  procedures  were  compared.
This  study  shows  that  the  percutaneous  approach  results
in  less  intraoperative  blood  loss  and  less  severe  post-
operative  lumbodorsal  pains,  as  well  as  brings  about
faster  recovery,  compared  with  the  trans-muscular  spatium
approach.  This  ﬁnding  is  consistent  with  that  reported  in  lit-
erature  [18].  Loss  of  correction  and  kyphotic  angle  increase
is  an  inevitable  problem  of  the  surgical  treatment  of  tho-
racolumbar  spinal  burst  fractures.  Some  procedures  for
b
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ertebral  body  augmentation,  such  as  vertebroplasty,  kypho-
lasty,  intravertebral  bone  grafting  or  anterior  surgeries,
an  afford  extra  supporting  to  the  anterior  column  of  spine,
nd  consequently  reducing  the  risks  of  correction  loss,  espe-
ially  to  the  patients  with  load-sharing  scores  (LSC)  six  and
bove.  However,  patients  in  the  current  study  are  not  that
evere,  and  most  of  them  were  not  more  than  six  in  LSC.
he  end  results  of  this  study  show  that  the  percutaneous
nd  trans-muscular  spatium  groups  did  not  exhibit  signiﬁcant
ifferences  in  curative  effect  and  radiological  measurement
ata,  and  that  both  approaches  can  achieve  a  good  curative
ffect.
Although  the  percutaneous  approach  brings  about  less
ntraoperative  blood  loss  and  less  severe  postoperative
hort-term  pains  than  the  trans-muscular  spatium  approach,
t  requires  longer  ﬂuoroscopy  time,  as  a  consequence  of
hich  it  cannot  signiﬁcantly  shorten  operating  time.  In  addi-
ion,  this  technique  has  a  relatively  long  learning  curve;
herefore,  its  early  application  tends  to  result  in  a  higher
ncidence  of  the  complications  caused  by  screw  placement
19]  and  increases  the  risk  of  operated  zygapophysial  joints
njuries  [20,21],  which  may  consequently  increase  the  risk
f  adjacent  segment  degeneration  when  applied  for  verte-
ral  degenerative  diseases  [22]. But,  zygapophysial  joints
njury  is  not  the  only  reason  of  adjacent  segment  segmen-
al  degeneration.  Along  with  the  technical  proﬁciency,  the
isk  of  injuries  will  be  greatly  reduced.  Still  need  to  say,
he  accuracy  of  screw  placement  in  this  procedure  tends
o  be  affected  by  factors  such  as  patients’  bodily  con-
ormations,  anatomic  changes  in  pedicle  and  paraspinous
uscles,  and  intraoperative  blood  loss,  to  which  attention
hould  therefore  be  given.  Furthermore,  another  unneg-
igible  factor  is  that  increased  intraoperative  ﬂuoroscopy
ime  is  an  innate  drawback  of  percutaneous  SSPI  [23],  and
his  study  shows  that  the  average  radiation  exposure  time
f  the  percutaneous  group  was  thrice  longer  than  that  of
he  trans-muscular  spatium  group.  Nevertheless,  given  suf-
cient  protection,  the  radiation  exposure  time  required  by
ercutaneous  SSPI  is  still  within  a  safe  range.  Although  the
tilization  of  navigation  techniques  can  increase  the  accu-
acy  of  screw  placement,  decreases  operating  time,  and
reatly  reduce  patients’  radiation  exposure  time  (even  by
8.2%  sometimes)  [24—27],  it  inevitably  increases  patients’
edical  burdens.  In  most  cases,  the  accuracy  of  screw  place-
ent  can  be  effectively  increased  using  oblique  ﬂuoroscopy
uring  operation  [28].  Despite  the  difﬁculties  the  percuta-
eous  technique  encounters  at  present,  it  is  still  reasonable
o  believe  that  with  the  development  of  percutaneous  SSPI
quipments  as  well  as  the  proﬁciency  in  this  technique,
he  ﬂuoroscopy  and  operating  time  require  by  the  percu-
aneous  approach  can  be  further  reduced  and  its  advantage
n  minimal  invasiveness  will  turn  more  prominent,  and  that
he  application  range  of  this  approach  will  become  much
roader.
Trans-muscular  spatium  SSPI  is  another  procedure,  which
as  been  applied  for  thoracolumbar  mono-segmental  ver-
ebral  fracture  nowadays.  Compared  with  the  traditional
pen  surgery,  this  procedure  greatly  reduces  intraoperative
lood  loss,  and  meanwhile  it  achieves  a  curative  effect  sim-
lar  to  that  of  percutaneous  SSPI.  Trans-muscular  spatium
SPI  only  requires  common  rather  than  specialized  pedi-
le  instrumentations;  therefore,  it  owns  a  cost  advantage
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ver  percutaneous  SSPI.  Furthermore,  the  incision  method
nvolved  in  trans-muscular  spatium  SSPI  is  same  as  that  in
he  traditional  SSPI  and  thus  is  easy  to  master.  Anatomical
esearch  has  found  that  the  spatium  between  the  musculi
ongissimus  and  the  multiﬁdus  is  4.04  cm  away  from  the
edian  line  in  average  (ranging  from  2.4  to  7  cm)  [29,30].
lthough  this  distance  has  nothing  to  do  with  body  height,
ge,  or  body  mass  index,  it  varies  from  segment  to  segment
31].  The  distance  between  L1  and  L2  is  shortest,  which  is
nly  7.9  mm;  then,  it  increases  with  the  downward  exten-
ion  of  the  spinal  column  and  reaches  the  longest  between
5  and  S1  (37.8  mm);  therefore,  preoperative  measuring  of
he  distance  is  of  great  use  for  determining  an  incision  site
32].  Some  scholars  assume  that  an  incision  3  cm  lateral  to
he  median  line  has  least  inﬂuence  on  skin  blood  supply,  and
hat  bilateral  incisions  have  shorter  lengths  than  a  median
ncision,  because  of  which  less  subcutaneous  tissues  are  diss-
cted,  more  direct  arrival  at  the  intermuscular  spatium  is
chieved  and  the  drag  force  becomes  less  [33].  However,
his  study  discovered  that  making  a  posterior  median  inci-
ion  in  the  skin  and  then  cutting  the  lumbodorsal  fascia  open
bout  1  cm  lateral  to  the  supraspinous  ligament  make  the
ntermuscular  spatium  easier  to  ﬁnd  and  meanwhile  do  not
nﬂuence  the  apposition  suture  of  the  lumbodorsal  fascia,
ince  the  superﬁcial  inner  margin  of  the  musculi  longissimus
overs  the  surface  of  the  multiﬁdus,  which  possesses  a  ten-
on  thickening  part  as  well  as  a  band  connected  to  the
upraspinous  ligament.
This  study  has  some  limitations.  First,  the  grouping  in
tudy  was  not  randomized.  However,  considering  that  these
wo  groups  did  not  show  signiﬁcant  differences  in  preop-
rative  data,  all  subjects  were  patients  with  compression
r  stretch-induced  fractures  and  extended  positioning  in
ombination  with  injured  segment  pressing  achieved  good
eposition  effects,  this  study  still  has  certain  referential
alue.  Second,  the  repositioning  ability  of  percutaneous
SPI  in  this  study  was  somewhat  worrying.  The  pedicle
crews  used  in  all  percutaneous  SSPI  systems  in  this  study
ere  multiaxial,  which  do  not  possess  repositioning  abil-
ty.  In  contrast,  as  the  trans-muscular  spatium  procedure
an  take  advantage  of  pulling,  dragging,  and  screw  rods  to
ssist  a  fracture  to  be  repositioned,  it  has  a  theoretically
etter  reposition  effect  (therefore,  trans-muscular  spatium
SPI  is  more  applicable  in  reshaping  of  severe  fractures).
ome  percutaneous  mono-axial  pedicle  screw  systems  have
etter  capability  for  fracture  reduction  and  spinal  realign-
ent.  Additional  compare  studies  need  to  be  conducted
or  assessing.  Third,  there  are  differences  in  case  selec-
ion  between  the  two  procedures  in  clinical  practice.  Lastly,
ecent  years  have  witnessed  the  emergence  of  some  new-
ype  percutaneous  SSPI  systems,  which  allow  percutaneous
racture  repositioning.  Therefore,  more  strict  randomized
omparative  study  based  on  the  utilization  of  these  new
ystems  remains  necessary.
onclusionercutaneous  SSPI  has  the  virtues  of  less  intraoperative
lood  loss  and  less  severe  pains  in  the  treatment  of
horacolumbar  mono-segmental  vertebral  fracture  without
eurological  defects.  When  compared  with  trans-muscular
[
[S.H.  Dong  et  al.
patium  SSPI,  it  results  in  longer  intraoperative  radiation
xposure  time  and  a  higher  surgery  cost.  To  us,  percuta-
eous  SSPI  has  no  advantage  over  trans-muscular  spatium
SPI  in  curative  effect.
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